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Abstract: The aim of this study was to analyse the concentration of mercury (Hg) in the muscle of a 
common littoral, omnivorous fish such as the white seabream, Diplodus sargus, and to evaluate its 
relationship with the age and size of the specimens. Large, older predatory fishes have typically been 
the main target species for risk assessment of Hg intake in humans. The white seabream is neither a 
big fish nor a predator, but all sizes of NW Mediterranean specimens of this species showed high 
levels of Hg, with clear increases in older specimens. In addition, although the Se:Hg molar ratio was 
high and could reduce the impact of high concentrations of Hg in smaller fishes, it could not in the 
older specimens of D. sargus analysed because it decreased with age. This is not a major concern for 
human health because the white seabream is not a widely consumed species. However, in special 
situations involving toddlers, children and women of childbearing age, problems might arise if the 
white seabream or similar species are consumed in place of those that current recommendations 
advise against eating. In these cases it is very important to consider the species of fish consumed in 
each country and carefully assess the risk of Hg intake. 
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1. Introduction 
Human exposure to heavy metals depends on dietary habits and geographic location, and 
consuming edible marine species contributes most to mercury (Hg) intake [1]. In particular, tuna, 
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swordfish, cod, and whiting are mostly responsible for methylmercury dietary exposure in adults, 
while these same species, with the addition of hake, are the most important contributors to exposure 
in children [2]. This is due to the high Hg concentrations in these species, and to their popularity as 
the most commonly consumed species. Fish and seafood are traditional components of the 
Mediterranean diet and the consumption of fish is particularly high in Spain, where annual per capita 
fish intake is estimated at about 45 kg, compared to around 25.5 kg in the European Union and 16.5 kg 
worldwide [3].  
One important question today is whether the benefits of including fish in the diet may be offset 
by the presence of Hg in its meat. In fact, Hg has been associated with damaging cardiovascular and 
neurological effects [4], which impair neurodevelopment and can range from foetal death to delayed 
development and cognitive changes [5]. Maximum levels of this metal in fishery products are laid 
down by European Commission regulations. The Hg limit for fishery products is 500 ng g
−1
 wet 
weight (ww), but it is raised to 1000 ng g
−1
 ww for some fish species particularly prone to 
bioaccumulate this metal (such as brown ray, tuna, swordfish or scabbard fish) [6]. The maximum 
tolerable intake of these fishes for children in Spain has been established by the FAO/WHO [7] at 
50 g/week for children from 3 to 12 years of age; it recommends that women who are pregnant, 
breastfeeding or of childbearing age and children under 3 years old avoid consumption. The 
European Food Safety Authority (EFSA) also recommends that toddlers, children and women of 
childbearing age consume species with lower Hg concentrations. The EFSA Scientific Committee 
recommends that each country consider its own pattern of fish consumption, especially the species 
consumed, and carefully assess the risk of exceeding the total weekly intake of methylmercury 
against the health benefits obtained from consuming fish/seafood [2]. The role of selenium (Se) 
should also be considered, as some studies suggest that a Se:Hg molar ratio >1 could protect against 
potentially adverse Hg effects [8-10]. 
The concentration of Hg in fishes presents significant interspecific differences reflecting trophic 
levels [11] and biomagnification [12-14]. Mercury tends to bioaccumulate in higher trophic level 
organisms [15]. The large predatory fishes reach high Hg concentrations and, within these species, 
larger individuals usually have higher concentrations than smaller ones, as a result of the age and, 
therefore, time of exposure to pollutants [16,17]. Contamination data in muscle samples of swordfish 
from markets in Madrid (Spain) were evaluated and a third part (around 35%) of the swordfish 




Most authors agree that demersal predatory fishes reach higher levels of Hg concentrations than 
pelagic predatory species [19], but the data are controversial. For example, hakes (demersal 
predatory fishes) from the NW Mediterranean area showed quite high Hg concentrations in muscle 
(mean value of 617.4 ± 217.7 ng g
−1
) with a significant linear relationship between length and Hg 
concentrations in muscle [20], but never as high as the predator pelagic fishes.  
On the other hand, the results concerning concentrations in benthic fishes are also 
contentious. Several authors reported that fishes feeding near the bottom, close to sediment, may 
accumulate Hg [14,21,22] in concentrations higher than predicted by their trophic position [23]. 
A study in the Central and Southern Mediterranean coasts of Spain [24] considered different feeding 
guilds and observed that mean metal concentrations were higher in benthic and more littoral fishes. 
However, another study in the Central Mediterranean found that values of Hg in benthic species 
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(Solea solea, Diplodus sargus and Mullus barbatus) were always lower than those in demersal and 
pelagic predatory fishes [19]. 
Apart from habitat, other factors should be considered. For example, various external (marine 
environment) and internal (fish carcass parameters) factors have been shown to affect metal 
accumulation and inter-metal correlations within and among fish species, locations and seasons [25].  
In NW Mediterranean waters, several species of Sparidae, mainly of the genus Diplodus, 
dominate fish assemblages in shallow rocky infralittoral habitats. Diplodus sargus (Linnaeus, 1758), 
the white seabream, is a littoral species inhabiting rocky bottoms and sand close to the rocks, at 
depths of up to 50 m in the Mediterranean [26].  
The annual catches of this species are important, and has increased in recent years, as can be 
seen in Figure 1. 
 
Figure 1. Global capture production of Diplodus sargus in the last ten years (FAO 
FishStat). 
It is not a carnivorous species, but a common omnivorous fish, with bivalves representing the 
most important prey type, followed by algae, sea urchins, and barnacles [27]. The estimated 
maximum age for D. sargus in the Mediterranean is 9–10 years [28-26]. However, ages as high as 18 
years (41 cm TL) from otolith readings and 16 years (45 cm TL) from scale readings have been 
reported for specimens captured in South Portugal [29]. Thus, although D. sargus is a species with a 
relatively long lifespan, it does not reach large sizes. The bigger specimens described have a 
maximum length of 45 cm, but the most common length is between 15 and 30 cm [30].  
The aim of the present study is to analyse the concentration of Hg and Se in the muscle of D. 
sargus, a benthic, littoral and omnivorous species, and consider the relative importance of the habitat, 



















D.sargus capture (Source: FAO FishStat) 
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2. Material and Methods 
To avoid possible local differences in pollution, samples used to quantify heavy metals were 
obtained from two NW Mediterranean commercial ports: Roses (20 individuals, total length between 
23.5 cm and 31.3 cm) and Palamós (19 individuals, total length between 25.5 and 34.5 cm) (Figure 2). 
These two commercial ports have similar activity and this species is captured on a regular basis.  
 
Figure 2. Study and sampling area near the Gulf of Lion (ports of Roses and 
Palamós). 
Each sampled specimen was measured, and a portion of muscle tissue of around 250 mg ww 
was extracted and stored frozen to analyse the muscle concentration of Hg and Se. All samples were 
digested in Teflon vessels with HNO3 (2 mL) and H2O2 (1 mL) (Merck, Suprapure) in an oven at 
90 °C and left overnight. All materials used in the digestion process were thoroughly acid-rinsed. 
After digestion, samples were diluted with 30 mL of Milli- Q water.  
Total concentrations of Hg and Se were quantified by inductively coupled plasma-mass 
spectrometry (ICP-MS, Perkin Elmer Elan 6000). The analytical procedure was checked using 
standard reference material dogfish (Squalus acanthias) muscle (DORM-2 from the National 
Research Council, Canada). Several analytical blanks were prepared and analysed along with the 
samples to determine the detection limits. The analytical process was performed at the Scientific and 
Technology Centres (CCiTUB) of the Barcelona University. All element concentrations are reported 
in ng g
−1
, based on wet weight values. 
Molar concentrations of Se and Hg were obtained by dividing each concentration by its 
respective molecular weight (200.59 for Hg and 78.96 for Se) according to Burger and Gochfeld [8]. 
The correlations between the total length and the Hg and Se concentrations, between the total length 
and the Se:Hg molar ratio, and between the Hg concentration and that of the Se were analysed using 
the STATISTICA 6.0 package (Dell Software, Round Rock, Texas). 
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3. Results 
For both elements, limits of detection were less than 0.1 ng mL
−1 
and recovery rates were 96.2% 
for Hg and 97.6% for Se of the certified values. Mean, maximum and minimum values of muscle 
concentrations of Hg and Se, as well as their molar ratios, are shown in Table 1.  
Table 1. Muscle mercury and selenium concentrations in D. sargus as well as the 
molar ratio between Se and Hg, mean and standard deviation and maximum and 
minimum values.  










Molar ratio  
(Se:Hg) 
Mean 29 846.71 323.12 1.85 
SD 7.8 572.20 104.89 2.61 
Max 34.5 2270.60 553.59 15.01 
Min 23.5 44.60 93.65 0.36 
Of the D. sargus individuals analysed, 26 out of 39 (67%) presented values of Hg clearly above 
the limit established by European legislation (500 ng g
−1
), while 15 specimens (38%) presented Hg 
values above 1000 ng g
−1
, the limit established by European Commission regulations for fish species 
particularly prone to bioaccumulation of this metal. Although high levels of Hg were observed in all sizes, 
the levels clearly increased in large, older fishes in the sample (Figure 3; r = 0.69, p < 0.05, n = 39). The 
Se concentration was not correlated with either the size of fishes (Figure 4) or the Hg concentration.   
The Se:Hg molar ratio was negatively correlated with the size of fishes (Figure 5; r = −0.41, 
p < 0.05, n = 39). Thus, muscle level of Se in D. sargus can probably reduce the impact of high 
concentrations of Hg in the smaller specimens but would fail to in the bigger ones (>30 cm). 
Hg (ng.g-1) = -2978,2561+131,1994*x


















Figure 3. Correlation between fish total length (TL) and mercury concentration in 
the muscle of D. sargus. 
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Se (ng.g-1) = 338,9449-0,5427*x


















Figure 4. Correlation between fish total length (TL) and selenium concentration in 
the muscle of D. sargus. 
Se:Hg = 12,1004-0,3517*x
















Figure 5. Correlation between fish total length (TL) and Se:Hg molar ratio in the 
muscle of D. sargus. 
4. Discussion 
Due to mercury’s important neurotoxic capacity [31], its concentration has been carefully 
assessed in edible fish species of the Mediterranean, where the high levels usually found are due to 
the highly populated and industrialised Mediterranean coast [32]. 
These results displayed a high Hg concentration in muscle of D. sargus from the NW 
Mediterranean, well above the limit established by the European legislation (500 ng g
−1
), sometimes 
higher than the limits for predatory fishes (1000 ng g
−1
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the examined specimens were relatively rich in Se, which is necessary for selenoenzyme functions 
and offers some protection against Hg exposure and toxicity [33]. A substantial intra-individual 
variation in Se:Hg molar ratios was observed, but so was a general negative relationship between 
these ratios and fish size. Thus, younger specimens, with lower levels of Hg, benefit more from this 
protection. 
In contrast to our results, a previous study performed with specimens from D. sargus collected 
in the Central Mediterranean (FAO zone 37 2.2) reported very low mean Hg levels (36 ± 73 ng g
−1
), 
while Hg was not detected in FAO zone 37 1.3, also situated in the Central Mediterranean [19]. 
Unfortunately, we do not know the size of the individuals analysed in this study. However, the 
mercury levels in the NW Mediterranean are probably higher due to the industrialization of the area 
and sediments deposited by the Rhone River. 
The controversial results regarding the Hg levels in pelagic, demersal and benthic fish species 
commented on in the introduction to this work, together with our results, lead us to conclude that, in 
polluted areas, the time of exposure (the age) of the specimens plays a principal role in muscle Hg 
concentration. A study of 10 other similar species, which supports these results for D. sargus, 
observed that Pagellus erythrinus and Diplodus annularis also showed high accumulations of Hg, 
exceeding 500 ng g
−1
 in some individuals [24]. Those two species belong to the same family of D. 
sargus (Sparidae). Pagellus erythrinus is a benthivore feeder, preying mainly on epibenthic and 
infaunal organisms [34]. Diplodus vulgaris, like D. sargus, may be considered an omnivorous fish. 
Its most important prey type is bivalves followed by ophiuroids and polychaetes, and, somewhat less 
frequently, amphipods and benthic algae [27].  
With regard to the age of D. sargus [28,29], smaller individuals in our sample would be about 
3 years old and the larger ones would be nearly 9 years old. Ten years is the maximum age 
recorded for this species in the Mediterranean [28]. On the other hand, the Atlantic bluefin tuna 
(Thunnus thynnus), the largest predator usually mentioned as an example of a species that poses a 
health concern due to mercury concentrations, has an estimated life expectancy of around 35 years [35], 
although its average lifespan is of around 15 years [36]. This species is commonly 200 cm long but it 
can grow to a fork length of more than 300 cm [24]. Thus, D. sargus and T. thynnus are very 
different with regard to size but not so with regard to age. 
Our results suggest that, although habitat, size and predatory habits are very important factors, 
age and therefore the time of exposure to pollutants must be considered the main factor for Hg 
bioaccumulation. In fact, older individuals usually show higher Hg levels than younger ones as a 
result of a longer exposure time [14,21,37-39], but in our opinion, relative less emphasis has been 
placed on this as the main factor. 
Species such as the white seabream are less frequent in the diet than bluefin tuna, which is 
widely consumed in many different formats. Hence, despite the high concentration of Hg in white 
seabream, it should not be a big threat to human health.   
Therefore, in special situations involving toddlers, children and women of childbearing age, 
species of fish recommended for consumption must be selected carefully, considering available 
studies for the fishing area. Indeed, the EFSA strongly recommends considering the species of fish 
consumed to carefully assessing the risk of Hg intake in each country, but more local information is 
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5. Conclusions 
Demersal and pelagic large fish at the top of the food chain have often been considered the most 
problematic species in terms of bioaccumulation of Hg. However, high Hg concentrations have also 
been found in older specimens of Diplodus sargus, a littoral, benthic and omnivorous fish of a 
relatively small size. This suggests that estimated life expectancy of the species, and a longer 
exposure time to Hg, is the main factor that determines bioaccumulation. Therefore, in special 
situations involving toddlers, children and women of childbearing age, species of fish recommended 
for consumption must be selected carefully, considering available studies for the fishing area. 
Acknowledgments  
This research was carried out as part of a project funded by the University of Girona 
(UdG/3/Ref. MPCUdG2016-071). 
Conflict of interest 
The authors declare there is no conflict of interest. 
References  
1. Ferrantelli V, Giangrosso G, Cicero A, et al. (2012) Evaluation of mercury levels in pangasius and 
cod fillets traded in Sicily (Italy). Food Addit Contam, Part A, Chem Anal Control Expo Risk 
Assess 29: 1046-1051. 
2. EFSA, European food safety agency (2012) Mercury in food – EFSA updates advice on risks for 
public Health. Available from: https://www.efsa.europa.eu/en/press/news/121220. 
3. FAO, Food and Agriculture Organization (2006) The international fish trade and world fisheries. 
Available from: http://www.fao.org/newsroom/common/ecg/1000301/en/enfactsheet2.pdf. 
4. EFSA, European food safety agency (2004) Opinion of the Scientific Panel on contaminants in 
the food chain [CONTAM] related to mercury and methylmercury in food. EFSA J 34: 1-14. 
5. Castoldi AF, Coccini T, Manzo L (2003) Neurotoxic and molecular effects of methylmercury in 
humans. Rev Environ Health 18: 19-31. 
6. European Commission. Commission Regulation (EC) No. 221/ 2002 of 6 February 2002, 
amending Regulation (EC) No. 466/2001 setting maximum levels for certain contaminants in 
foodstuffs. Off. J. Eur. Communities: Legis 37: 4. Available from:  
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:037:0004:0006:EN:PDF. 
7. FAO/WHO FOOD STANDARDS PROGRAMME (2013) Discussion paper on the review of 
the guideline levels for methylmercury in fish and predatory fish. Codex committee on 
contaminants in food. Available from: ftp://ftp.fao.org/codex/meetings/cccf/cccf7/cf07_16e.pdf . 
8. Ralston NVC, Ralston CR, Blackwell JL, et al. (2008) Dietary and tissue selenium in relation to 
methylmercury toxicity. Neurotoxicology 29: 802-811.  
9. Peterson SA, Ralston NVC, Whanger PD, et al. (2009) Selenium and Mercury Interactions with 
Emphasis on Fish Tissue. Environ Bioindicator 4: 318-334.  
25 
 
AIMS Environmental Science  Volume 4, Issue 1, 17-26. 
10. Burger J, Gochfeld M (2011) Mercury and selenium levels in 19 species of saltwater fish from 
New Jersey as a function of species, size, and season. Sci Total Environ 409: 1418-1429. 
11. Burger J, Gaines KF, Boring CS, et al. (2001) Mercury and selenium in fish from the Savannah 
River: species, trophic level, and locational differences. Environ Res 87: 108-118. 
12. Monteiro LR, Lopes HD (1990) Mercury content of swordfish Xiphias gladius in relation to 
length, weight, age and sex. Mar Pollut Bull 21: 293-296.  
13. Nakagawa R, Yumita Y, Hiromoto M (1997) Total mercury intake from fish and shellfish by 
Japanese people. Chemosphere 35: 2909-2913. 
14. Storelli MM, Marcotrigiano GO (2000) Fish for human consumption: risk of contamination by 
mercury. Food Addit Contam 17: 1007-1011. 
15. Senn DB, Chesney EJ, Blum JD, et al. (2010) Stable Isotope (N, C, Hg) Study of 
Methylmercury Sources and Trophic Transfer in the Northern Gulf of Mexico. Environ Sci 
Technol 44: 1630-1637.  
16. Burger J, Gochfeld M (2006) Mercury in fish available in supermarkets in Illinois: are there 
regional differences? Sci Total Environ 367: 1010-1016.  
17. Kojadinovic J, Potier M, Le Corre M, et al. (2006) Mercury content in commercial pelagic fish 
and its risk assessment in the Western Indian Ocean. Sci Total Environ 366: 688-700. 
18. Herreros MA, Iñigo-Nuñez S, Sánchez-Pérez E, et al. (2008) Contribution of fish consumption 
to heavy metals exposure in women of childbearing age from a Mediterranean country (Spain). 
Food Chem Toxicol 46: 1591-1595. 
19. Naccari C, Cicero N, Ferrantelli V, et al. (2015) Toxic metals in pelagic, benthic and demersal 
fish species from Mediterranean FAO Zone 37. Bull Environ Contam Toxicol 95: 567-573.  
20. Torres J, Eira C, Miquel J, et al. (2015) Effect of Intestinal Tapeworm Clestobothrium 
crassiceps on concentrations of Toxic Elements and Selenium in European Hake Merluccius 
merluccius from the Gulf of Lion (Northwestern Mediterranean Sea). J Agr Food Chem 63: 
9349-9356.  
21. Storelli MM, Giacominelli-Stuffler R, Marcotrigiano GO (1998) Total mercury in muscle of 
benthic and pelagic fish from the South Adriatic Sea (Italy). Food Addit Contam 15: 876-883. 
22. Berge JA, Brevik EM (1996) Uptake of metals and persistent organochlorines in crabs (Cancer 
pagurus) and flounder (Platichthys flesus) from contaminated sediments: mesocosm and field 
experiments. Mar Pollut Bull 33: 46-55. 
23. Burger J, Gaines KF, Gochfeld M (2001) Ethnic differences in risk from mercury among 
Savannah River fishermen. Risk Anal 21: 533-544.  
24. Casadevall M, Torres J, El Aoussimi A, et al. (2016) Pollutants and parasites in bycatch teleosts 
from south eastern Spanish Mediterranean’s fisheries: Concerns relating the foodstuff harnessing. 
Mar Poll Bull 104: 182-189. 
25. Burger J, Gochfeld M, Jeitner C, et al. (2014) Heavy metals in fish from the Aleutians: 
interspecific and locational differences. Environ Res 131: 119-130. 
26. Whitehead PJP, Bauchot ML, Hureau JC, et al. (eds.) (1986) Fishes of the North-eastern Atlantic 
and the Mediterranean. Paris: UNESCO, Vols. I-III: 1473 p. 
27. Sala E, Ballesteros E (1997) Partitioning of space and food resources by three fish of the genus 




AIMS Environmental Science  Volume 4, Issue 1, 17-26. 
28. Gordoa A, Molí B (1997) Age and growth of the sparids Diplodus vulgaris, D. sargus and D. 
annularis in adult populations and the differences in their juvenile growth patterns in the 
north-western Mediterranean Sea. Fish Res 33: 123-129.  
29. Abecasis D, Bentes L, Coelho R, et al. (2008) Ageing seabreams: A comparative study between 
scales and otoliths. Fish Res 89: 37-48. 
30. Fischer W, Schneider M, Bauchot ML (1987) Fiches FAO d'identification des espèces pour les 
besoins de la pêche. Méditerranée et mer Noire vol. II Vertébrés. Rome: FAO: 763-1529. 
31. UNEP (2013) Global Mercury Assessment 2013: Sources, Emissions, Releases and 
Environmental Transport. UNEP Chemical Branch, Geneva, Switzerland, p. 32. 
32. Durrieu de Madron X, Guieu C, Sempéré R, et al. (2011) Marine ecosystems’ responses to 
climatic and anthropogenic forcing in the Mediterranean. Prog Oceanogr 91: 97-166. 
33. Ralston NVC (2008) Selenium health benefit values as seafood safety criteria. Eco Health 5: 
442-455. 
34. Rosecchi E (1983) Régime alimentaire du pageot, Pagellus erythrinus L., 1758, (Pisces, 
Sparidae) dans le Gulf de Lion. Cybium 7: 17-29. 
35. Juan-Jordá MJ, Mosqueira I, Freire J, et al. (2013) The Conservation and Management of Tunas 
and Their Relatives: Setting Life History Research Priorities. PLoS ONE 8: e70405. 
36. Santamaria N, Bello G, Corriero A, et al. (2009) Age and growth of Atlantic bluefin tuna, 
Thunnus thynnus (Osteichthyes: Thunnidae), in the Mediterranean Sea. J Appl Ichthyol 25: 
38-45. 
37. Dixon R, Jones B (1994) Mercury concentrations in stomach contents and muscle of five fish 
species from the north east coast of England. Mar Poll Bull 28: 741-745. 
38. Lansen P, Leermakers M, Baeyens W (1991) Determination of methylmercury in fish by 
headspace-gas chromatography with microwave-induced-plasma detection. Water Air Soil Poll 
56: 103-115. 
39. Pellegrini D, Barghigiani C (1989) Feeding behaviour and mercury content in two flat fish in the 
northern Tyrrhenian Sea. Mar Poll Bull 20: 443-447. 
© 2017 Margarida Casadevall et al. licensee AIMS Press. This is 
an open access article distributed under the terms of the Creative 
Commons Attribution License  
(http://creativecommons.org/licenses/by/4.0) 
